Abstract-Growth mechanisms and optical properties of indium phosphide nanowires were investigated on various material surfaces. InP nanowires were grown on three types of substrate surfaces; Si, GaAs and a hydrogenated silicon template layer prepared on a quartz substrate, by metalorganic chemical vapor deposition. The role of substrate in nanowire growth mechanisms and optical properties is addressed.
I. INTRODUCTION
Group III-V semiconductor nanowires are garnering increasing attention for a wide range of potential applications due in part to their ability to grow epitaxially despite large lattice-mismatch 1 . It is believed that to continue Moore's law it will be necessary to integrate group III-V semiconductors into transistors 2 and the direct gap of many group III-V semiconductors drives research for optical devices integrated onto silicon platforms 3 . It has also been shown that group III-V nanowires can be grown on nonsingle crystal substrates which offers a route to fabrication of high performance devices on inexpensive substrates. The choice of substrate can have an impact on the growth and the optical properties of the nanowires but the extent to which those effects have been investigated so far does not match the promise of group III-V nanowires grown on alternative substrates, therefore systematic understanding of basic growth mechanisms and resulting optical properties of nanowires grown on various surfaces provided by a wide range of substrates is further required.
II. EXPERIMENTAL DETAILS

A. Sample Preparation
InP nanowires were grown on three different types of substrate surfaces to compare their effect on nanowire growth and optical properties. Si(100) substrates were used due to their importance in contemporary electronics. GaAs(100) substrates were used to provide a relatively low lattice-mismatched (~3.7% for GaAs compared to ~7.5% for Si) heteroepitaxial substrate. Quartz substrates were used because of their promise as an inexpensive alternative to single crystal substrates.
Si(100) and GaAs(100) substrates were prepared by a three step process. First, the native oxide was removed in a hydrofluoric acid (HF) bath. The substrates were then immediately coated with colloidal gold nanoparticles (AuNPs) dispersed in a toluene solution and allowed to dry under ambient conditions. Finally, InP nanowires were grown by metalorganic chemical vapor deposition (MOCVD) (referred to as Si and GaAs samples).
Preparation of the quartz substrate involved different processing. The quartz substrate was coated with a thin (200 nm) layer of hydrogenated silicon (Si:H) by plasmaenhanced chemical vapor deposition (PECVD).
Si:H surfaces were then coated with Au-NPs dispersed in toluene and allowed to dry in ambient conditions. Finally, InP nanowires were grown by MOCVD (referred to as Quartz sample).
For all samples, InP nanowires were grown by the vapor-liquid-solid 4 (VLS) mechanism using the Au-NPs as catalysts. Trimethylindium (TMI) was used as the In source and one of Tertiary butylphosphine (TBP), Ditertiarybutylphosphine (DTBP), or phosphine was used as the P source.
III. RESULTS AND DISCUSSION
A. Scanning Electron Microscopy
Scanning electron microscopy (SEM) was used to image the samples. Fig. 1 shows an image collected from the quartz sample. InP nanowires have random growth directions relative to the surface normal due to the nonsingle crystallographic nature of the Si:H surface on the quartz substrate. The nanowires have diameter approximately 50 nm and have lengths approximately 5 µm. The small tapering angle is a strikingly dissimilar feature when compared to InP nanowires grown using similar sample preparation steps and similar growth conditions 5 but using phosphine as the phosphorus source.
B. Photoluminescence
Photoluminescence (PL) spectra were taken at various temperatures. The spectrum shown in Fig. 2 collected from the quartz sample at room temperature reveals a single peak slightly blue-shifted from the bulk energy gap of InP. The blue-shifted peak with respect to bulk InP is believed to be due to weak quantum confinement effects within the small (~50 nm) diameter nanowires. Fig. 3 shows the PL spectrum obtained at room temperature from a quartz sample using phosphine as the P source. The linewidth in Fig 2. is nearly equal to the combined linewidths of the two peaks in Fig. 3 , however there exist two different origins; the large linewidth in Fig. 2 is believed to be due to varying levels of quantum confinement within the ensemble of nanowires grown using DTBP while that in Fig. 3 is associated with the presence of two different crystallinities, as marked by zinc blende and wurtzite in Fig. 3 , within the ensemble of nanowires grown using phosphine. 
IV. CONCLUSIONS
The effects of various substrate surfaces on nanowire growth mechanisms and optical properties have been discussed. InP nanowires can exhibit a variety of shapes and geometry depending on the types of substrate surface and phosphorus precursors. In particular, the InP nanowires grown in this study using DTBP appear to be of a single phase while those grown with phosphine contain zinc blende and wurtzite phases as evidenced in their PL spectra.
